This paper reports the design, development, and validation of a new instrument, the Technology-Enabled Active Learning Inventory (TEAL), to measure students' perceptions of active learning in a technologyenabled learning context. By laying the theoretical foundation, a conceptual framework for technologyenabled active learning was developed. The conceptual framework formed the basis of the instrument development process including the design, development and validation of the Technology-Enabled Active Learning Inventory (TEAL) to measure students' perceptions of active learning in a technology-enabled learning context. The self-reporting questionnaire consisted of four scales: interactive engagement, problem-solving skills, interest and feedback. All scales were assessed on a 7-point Likert scale. The survey items were designed to measure the four aspects of technology-enabled active learning and were verified by two panels using a formalised card sorting procedure as well as confirmatory factor analysis of a small-scale (n=61) pilot survey. The TEAL questionnaire demonstrated internal consistency. Reliability as measured by Cronbach's coefficient alpha ranged from 0.83 to 0.88 indicating good reliability and internal consistency of the items. The resultant instrument is a valid and reliable instrument that can be used in future research to gather and represent data on students' perceptions of active learning in a technology-enabled learning context.
Introduction
Active learning has been a topic of intense research in education literature and demonstrated to be a key element in student learning, mainly related to the adoption and integration of technology in teaching and learning contexts (Dori & Belcher, 2005; Hassan, Puteh, & Buhari, 2015; Keengwe, 2014) . Research has shown that student centred strategies such as active learning are more effective than traditional lecture-based teaching models (Chiu & Cheng, 2017; Kinoshita, Knight, & Gibbes, 2017; Park & Choi, 2014) . Learning takes place when students actively acquire new information and experiences and form their own interpretations (Chi & Wylie, 2014) . Active learning gives learners the opportunity to participate in and take control of their own learning processes (Marton, 2018) . Incorporating active-learning approaches into a classroom setting results in a powerful model for teaching and learning because active learning supports the instructional process by enabling students to participate in engaging activities that reinforce their learning in meaningful ways. Moreover, active learning approaches are learner centred, as they engage students in learning, thus supporting a learning setting of immersion, exploration and reflection (Noteborn, Dailey-Hebert, Carbonell, & Gijselaers, 2014) . Faculty who employ active learning approaches are able to give students an opportunity to plan, examine, justify, and reflect upon their ideas, thus allowing students to learn to think for themselves, while also being able to critically evaluate the world around them (Ní Raghallaigh & Cunniffe, 2013) . Hence, active-learning approaches engage students in learning and stimulate higher thinking processes (Kim, Sharma, Land, & Furlong, 2013) . Research has demonstrated that students engaged in active-learner-centred activities demonstrate higher levels of motivation towards their courses and are therefore, more actively engaged in their learning (Pirker, Riffnaller-Schiefer, & Gütl, 2014; Su & Cheng, 2015) .
The basic premise of active learning involves focusing on reinforcing higher-order thinking skills and instructional techniques, requiring learners to actively participate in the ownership of their learning (Kim et al., 2013; Marton, 2018) . However, the term "active learning" lacks a concise definition, even though it is used frequently in educational literature and educational research. Moreover, a major obstacle is the lack of universally accepted definitions and measurements as different researchers from different fields, such as education, social psychology, healthcare and engineering disciplines, provide different definitions of the term. Hence to date, there is no singular, concise definition of active learning within a research context or educational landscape. However, in an attempt to avoid any ambiguities, it is possible to provide a set of relevant and generally accepted definitions, as summarised in Table 1 below. "…learning in which the learner uses opportunities to decide about aspects of the learning process."
'…the extent to which the learner is challenged to use his or her mental abilities while learning."
(van Hout-Wolters, Simons, & Volet, 2000) Education "…activities that involve the students in the learning process." (Nagda, Gurin, & Lopez, 2003) Social Psychology "…any instructional method that engages students in the learning process." (Prince, 2004) Engineering Education "a philosophy of education based on the premise that students best internalize information when they are directly involved in their own learning." (Greek, 1995) Criminal Justice Education "…engagement in meaningful tasks where students have ownership of the content." (McCown, Driscoll, & Roop, 1996) Educational Psychology '…an approach or methodology for learning that draws on, integrates and creatively synthesises numerous learning methods." (Dewing, 2010) Nursing and Healthcare "…instructional activities involving students in doing things and thinking about what they are doing; to be actively involved, students must engage in such higher order thinking tasks as analysis, synthesis, and evaluation." (Bonwell & Eison, 1991) Higher Education "…an educational process where high levels of learning interactions and mental involvement are initiated by the learner." (Ren et al., 2015) Engineering According to Hung, Tan, and Koh (2006) , active learning is the process of learning whereby learners are accountable for their own as well as one another's learning and by which the learners are "actively developing thinking/learning strategies and constantly formulating new ideas and refining them through their conversational exchanges with others" (p. 30). A key essential element of active learning is to actively engage students in deeper learning by fostering their ability to create new knowledge and apply the acquired knowledge and skills by demonstrating well developed judgement and responsibility as learners (Ní Raghallaigh & Cunniffe, 2013) . Moreover, research demonstrates that the use of an active learning methodology not only increases student engagement, but also improves student retention of material, and subsequently develops students' critical thinking and problem-solving skills (Kvam, 2000; Mumtaz & Latif, 2017) .
Considerations in using a developed instrument
Although active learning has been widely studied and validated in educational research as a compelling reason to enhance student learning, we were unable to locate scales or inventories that were specifically related to active learning in technology-supported learning contexts. Currently, there exists no comprehensive instrument that measures the degree by which individual students' view active learning in a technology-enabled learning context. These gaps or absences provided the catalyst for the development of a reliable and valid instrument that could be used to gather and represent data on students' perceptions of active learning in technology-enabled learning contexts. Hence, the primary objective of this paper is to cover this gap by reporting on the development and validation of the Technology-Enabled Active Learning Inventory (TEAL) designed to measure students' active learning in a technology-enabled learning context and to test the validity and reliability of the newly developed instrument. The value of developing and validating an instrument is its potential for improved student performance -hence, there are various practical reasons for developing an instrument. Firstly, technologyenabled active learning strategies support intellectual development and higher-order competencies such as critical thinking and problem solving skills in technology rich contexts. One of the key goals of active learning is to enable students to use higher levels of cognitive functioning through cognitively deeper and richer learning experiences. Secondly, feedback from students as to the effectiveness of active learning in a technology-enabled learning context should allow for improvements in course design. Thirdly, development of an instrument may also inform future research regarding implications for theory and practice in active learning in technologyenabled learning contexts.
Theoretical framework

Active learning
Active learning theory contends that learners are active participants in an active environment, building their own knowledge by interacting with other learners and engaging in self-regulatory activities (Kunselman & Johnson, 2004) . Active learning approaches such as inquiry learning, problem solving and discussion method and "think-pair-share" activities, offer an opportunity for deeper understanding, thereby allowing students to learn the process of approaching a problem, applying equations and learning from their mistakes through reflection on their learning from different perspectives. Moreover, the prevalence of technology use by students makes a compelling case for faculty to use technologies that enable students to actively construct new knowledge through interactive engagement activities designed to promote conceptual understanding, thinking and reasoning skills (Bhagat & Huang, 2018; Nicol, Owens, Le Coze, MacIntyre, & Eastwood, 2017) . Hence, active learning takes place through meaningful activities where a student is able to make connections to previous knowledge and apply this new knowledge to those activities. In an active learning setting, each student has the opportunity to participate in and contribute to an assigned task. Fitch (2004) presents an extensive literature review of active learning research studies in technology based contexts, demonstrating that "there is convincing evidence that interactivity is a critical part of any form of technology-based learning" (p. 72). The potential role of technology in supporting active learning strategies has been given fresh impetus by the emergence of mobile technologies that enable collaboration, problem-solving, cognitive engagement and inquiry-based discovery.
Technology-enabled active learning
A fundamental issue is that developments in technology, pedagogy and instruction are not fully integrated, so as to transform the learning landscape into one that is learner-centred and active. How are teachers expected to assess students' responses to faculty's use of active learning within a technology-enabled context? Many educators and administrators consider technology to be a means of automatic enhancement for teaching, learning and assessment. Moreover, there exists a major disparity in the understanding of the role and impact of technology used in today's educational arena.
Technology can provide the tools and resources with which to achieve the goals and objectives of promoting students' active learning strategies (Nicol et al., 2017) . For example, the use of a simple mobile application (i.e., app) to write mathematical expressions, draw a diagram or post questions in class, can not only enhance communication and dialogue, but also support student collaboration through textual dialogue, discussion and debate, thereby giving students flexibility to post problems and receive inputs from their peers and instructors in class. It is no longer expected of the instructor to solve every problem or answer every question. Instead, students are held accountable to work with each other as well as with the instructor to solve problems, discuss unclear concepts and move on to more complex concepts. This is a valuable lesson for students to learn -to apply problem solving and critical thinking skills to authentic challenges and situations (Herrington, Reeves, & Oliver, 2006; Shroff, Keyes, & Linger, 2015) . Reeves, Herrington and Oliver (2003) characterise authentic learning as having real-world relevance, whereby learners become immersed in real-world problem-solving activities in a collaborative based environment. By providing learners the opportunity to practise complex skills and ask questions, instructors afford them the opportunity to assess their students' understanding and remediate important points in real time. Hence, technology-enhanced active learning advances the notion that the learner takes an active role in the learning process through much deeper levels of learning by interacting actively with technology. (Lim & Tschopp-Harris, 2018) . Moreover, educational technologies, for example, have the potential to support active learning by offering mobile learning tools that allow students to develop their abilities to think critically and problem-solve through manipulation of concepts that can be helpful for generating new ideas and synthesising these ideas into new understandings.
The integration of technology into the classroom, particularly digital technologies such as mobile devices, tablets and social media platforms, is becoming increasingly common as a means of facilitating active learning approaches inside the classroom (Looi et al., 2010; Martin & Ertzberger, 2013) . Where active learning has been implemented in undergraduate courses, numerous studies demonstrated greater student-learning gains, as compared to courses where teachers employed the traditional means of giving lectures to the class (Freeman et al., 2014; Kim et al., 2013; Machemer & Crawford, 2007) . Subsequent research has demonstrated that active learning methods, which when implemented correctly in or outside of the classroom setting, ensure positive student behaviour, facilitate learning and enhance student achievement (Broadbent & Poon, 2015; Han, Capraro, & Capraro, 2015) . Moreover, research demonstrates a consistent relationship between motivation and achievement when students are engaged in setting their own behavioural expectations (Sharples, 2013) . Furthermore, active learning instructional strategies such as problem-solving tasks, questioning and providing prompt feedback have demonstrated enhanced engagement, greater retention of information and improved academic achievement (Freeman et al., 2014; Kvam, 2000) .
Prior research confirms that the proper application of active learning methodologies also results in greater retention and understanding, higher development of thinking and application skills, and enhanced improvement of learner ability to collaborate with others (Kvam, 2000; Prince, 2004) . Active learning has also been shown to have a positive effect on critical thinking and problem-solving skills (Grabinger, Dunlap, & Duffield, 1997; Kim et al., 2013) . Moreover, research has conclusively demonstrated that active learning develops problem solving proficiency and supports desired learning outcomes (Sivan, Leung, Woon, & Kember, 2000; Zwaal & Otting, 2012) . Active learning pedagogies designed to stimulate learner creativity and move learning from a receptive to an interactive mode markedly promote analysis and reflection, which are essential parts of learning, particularly in terms of applicability of knowledge (Abrami, 2001; Matsushita, 2018) . Hence, active-learning strategies go beyond recall by deeply engaging students through the use of authentic learning strategies to promote critical thinking and foster the development of higher-level learning skills.
Based on a review of research on active learning, the following four domains of active learning were identified: social, cognitive, affective and evaluative strategies. The social domain of active learning is characterised by interactive engagement and interaction (Dori & Belcher, 2005) . In the social domain, an individual's knowledge is developed through social interaction (Adams, 2006) . Research has shown that engaging interactively may lead to greater depth of knowledge and deeper conceptual understanding (Laurillard, 2002) . The cognitive domain of active learning is characterised by purposeful activities such as problem solving that encourage students to construct knowledge, allowing them to make connections to previous knowledge, synthesise new information, and apply new concepts and ideas (Chi & Wylie, 2014; Dori & Belcher, 2005) . Active learning approaches require learners to go beyond memory in recalling or restating previously learned information, and move toward more active leaner-centred forms of learning such as those at the higher end of the spectrum of Bloom's taxonomy, requiring learners to engage in deeper levels of thinking by applying, analysing, synthesising and evaluating information (Anderson & Krathwohl, 2001) . Hence, active learning requires learners to engage in deeper processing strategies and higher cognitive engagement. The behavioural domain of active learning is characterised by interest in the activity itself, for example, out of curiosity, a sense of challenge and a desire for choices (Mozelius, Fagerström, & Söderquist, 2017) . In the behavioural domain, interest is a key factor determining choice and for completing challenging tasks within an active learning context (Rotgans & Schmidt, 2011a , 2011b . Finally, the evaluative domain of active learning is characterised by prompt feedback of assessment for learning (Martyn, 2007; Van den Bergh, Ros, & Beijaard, 2013) .
Toward a conceptual framework for technology-enabled active learning
By laying the theoretical foundation, a conceptual framework for technology-enabled active learning is developed, comprising the four main domains: social, cognitive, behavioural and evaluative, previously discussed and illustrated in Figure 1 below. The conceptual framework presented below forms the theoretical and methodological basis of the instrument development process presented in this paper.
Figure 1. Active learning conceptual framework in a technology-enabled context
Based on the conceptual framework presented above, we establish that the core elements of a technologyenabled active learning context are learner interactive engagement in the learning process, problem-solving skills that require greater cognitive complexity, activities that evoke interest, and that require an exercise of judgement in the face of uncertainty, as well as activities that encourage feedback (see Table 2 ). 
SOCIAL
Dimensions of Active learning Technology-supported Activities Social
Interactive Engagement engagement/interaction Interacting with the features of the technology in a responsive manner;
Actively engaging with the user-interface in a way that promotes dialogue;
Interacting with peers through an engaging user interface;
Facilitating the exchange of information by engaging with content presented in diverse formats. Receiving feedback on progression.
We now move on to examine the following four constructs that fall under the four domains of active learning: interactive engagement, problem-solving skills, interest and feedback. Each construct is discussed below and forms the basis of the conceptual framework and measurement instrument used in this study.
Interactive engagement
Within the social domain of active learning is the construct of interactive engagement -this construct consists of the following two sub-scales central to active learning: social interaction and human-computer interaction.
Within the social domain is the interaction construct and it is the variable considered central to active learning in a technology-enabled context. Typically, both the engagement and interaction concepts are closely related. From a technology perspective, engagement is defined as learners' active involvement and participation in purposeful mobile learning activities to achieve learning goals (Falcão, e Peres, de Morais, & da Silva Oliveira, 2018) . Thurmond (2003) defined interaction as "... the learner's engagement with the course content, other learners, the instructor, and the technological medium used in the course (p. 4). Moreover, interaction is a defining variable of active learning and numerous findings support the effectiveness of interaction in technology-based education (Huang & Liaw, 2018; Tawfik et al., 2018) . Based on Vygotsky's (1978) social learning theory, interaction performs a critical function in the process of cognitive development of a learner, since knowledge is constructed through an interaction process with others, influenced by the environment.
Collaboration is an interactive process in which individuals work together by communicating, and coordinating activities towards a shared goal (Alioon & Delialioğlu, 2017) . In operationalising these two variables, our view of engagement revolves around students' active interaction (i.e., learner-content interaction, learner-interface interaction) and collaboration (i.e., learner-peer interaction) and the technology that they are using.
Through interaction, individuals develop dialogues within the structure of activities; as a result, active learning occurs. The distinct characteristic of interaction is its importance not only on engagement at the individual level, but also on group collaboration to achieve a common goal (Wang, Cheng, Chen, Mercer, & Kirschner, 2017) . This interaction makes up a major component of the learner's expectations to succeed at a given task. The adaptation and use of emerging and appropriate mobile learning technologies can support a broad range of learning activities to create meaningful learning experiences with respect to what students learn and how they demonstrate mastery (Chang, Liu, & Huang, 2017) . From a technology-enhanced learning context, the learner interacts with the mobile tools through learner-content interaction, learner-interface interaction and learner-peer interaction.
Problem solving skills
Within the cognitive domain of active learning is the construct of problem solving -this construct consists of the following two sub-scales central to active learning: critical thinking and analytic reasoning. The instructional approaches underlying problem-solving methods have been established through a constructivist learning framework that suggests embedding learning in relevant and authentic activities, to construct shared meaning and to support multiple perspectives (Machumu & Zhu, 2017) . A problem-solving based active learning approach, enables students to view problems with a deeper perspective, thereby undergoing deeper learning, and developing their critical thinking and analytic reasoning processes. Critical thinking is the process of actively interpreting, analysing, and evaluating all perceived information, in order to make thoughtful decisions (Tsui, 2002) . Analytic thinking, on the other hand is defined as "developing the capacity to think in a thoughtful, discerning way, to solve problems, to analyse data and recall and use information" (Amer, 2005) . Analytic thinking is therefore, a cognitive process characterised by logical reasoning, requiring the learner to identify or create a problem to solve and draw appropriate inferences and conclusions (Espey, 2018) . For example, a technology-enhanced learning tool that is designed to support critical thinking could integrate questioning techniques, requiring learners to engage in analysis, synthesis and a process of evaluation.
Interest
Within the behavioural domain of active learning is the construct of interest -this construct consists of the following two sub-scales central to active learning: challenge and curiosity. As pertaining to learning behaviour, if learners display interest in performing a task/skill or are drawn to the challenges in a learning context, they will be more predisposed to exploring opportunities to engage in authentic and meaningful ways (Schraw & Lehman, 2001) . Interest in a learning task or activity is the consequence of students' recognising the captivating characteristics associated with a particular learning activity (Mitchell, 1993) . Mitchell (1993) proposed that the construct of interest is conceptualised in relation to making a distinction between catching and holding interest. As indicated by Mitchell (1993) , the change from "catching" to "holding" an individual's interest, is contingent upon the appropriate conditions for learning that make learning more meaningful and long-lasting for that individual, based upon his or her goals and motivational beliefs about attaining those goals (Nyman, 2017) . This process involves facilitating cognitive dissonance and subsequently, challenging the learner's present cognitive schema (Blaschke, 2018) . For example, one of the challenges encountered by participants engaged in discussions using social media, is being able to use the digital interface to assimilate the amount of information being generated through textual dialogue. Consequently, the information is filtered according to its importance and relevance, thereby allowing for a vigorous exchange of views and for the discussion to stay tightly focused.
Since online content is rarely organised in a linear fashion, part of the individual user's challenge is to filter the information that is generated into some discerning structure (i.e. reorganising comments made, summarising or analysing the main contributions, etc.).
Secondly, technology-enabled active learning stimulates curiosity and a desire to resolve any incongruity. There have been numerous research studies conducted on curiosity, which is strictly an intrinsic drive characterised by exploration, investigation, and learning (Oudeyer, Gottlieb, & Lopes, 2016) . If learning is involved, it usually takes the form of exploration to satisfy curiosity. For curiosity to be effective, the role of the learning environment is to provide the learner with opportunities to probe knowledge and explore and discover relationships between concepts and ideas. A technology-enabled active learning context may increase an individual's sense of curiosity, because the effort of engaging in the activity, for example, may place the individual in an active role of exploration, investigation and discovery, thereby enabling him or her to use the digital interface in meaningful ways (Verdejo et al., 2008) .
Feedback
Within the evaluative domain of active learning is the feedback construct and evaluative feedback sub-scale considered central to active learning in a technology-enabled context. Feedback is an integral aspect of active learning and refers to any information that makes learners evaluate their own performance. Feedback is essential as it not only drives the learner towards the expected outcome(s) but correspondingly allows the learner to learn from his or her mistakes and to set goals for future practice. In playing a game-based app, for example, feedback is typically always instantaneous, specifically targeted toward the user to adapt his or her approach for more appealing results. Jung et al. (2010) established that the provision of evaluative feedback through points and clear goals such as levels and leaderboards in an idea generation activity afforded significant performance gains. Hence, this player feedback can be in the form of achievements, avatars, collections, levels, badges or quests and such positive feedback creates a sense of progression. The principal goal of this evaluative feedback provided is to continue to retain the users' attention and give performance-oriented feedback at the end of each activity to increase the users' motivation and engagement. Hence, evaluative feedback fulfils a purpose beyond notifying users regarding different variations to the game state (Hämäläinen, Niilo-Rämä, Lainema, & Oksanen, 2018) . Moreover, feedback mechanisms can be strengthened by harnessing elements of game design, through the provision of visual cues or a progress bar, thus helping learners to view their progress as they work through a number of tasks or activities (Aldemir, Celik, & Kaplan, 2018) .
Research methodology
Instrument development process
To provide a high degree of confidence in the constructs and item content as well as construct validity and reliability, the Moore and Benbasat (1991) instrument development process was carried out to create and test the survey instrument, since this instrument development process provides a high degree of confidence in the constructs and item content as well as construct validity and reliability. Based on (Moore & Benbasat, 1991) , the following 3-stage development procedure helped clarify and refine the items and constructs of the survey instrument: 1) Item creation -creating a pool of items to match each construct definition. The objective of this stage was to ensure content validity; 2) Card sorting -using a total of four judges in multiple rounds to sort items into construct categories (scales), and consequently, examining judges' inter-rater reliabilities and their consistency in labelling these scales; and 3) Instrument testing -administering the survey instrument to a small scale pilot sample with the objective of checking scale reliability. The purpose of the pilot study was to test the instrument and to ensure that the respondents correctly understood the comprehensiveness of the survey instrument items. The pilot study finalised the development of the survey instrument by testing its validity and reliability and helped pilot the survey (i.e. analysis of survey data).
Item creation
The goal of the item creation step was to ensure content validity of the measurement items in order to make sure that the instrument covers all the items to reflect the definition of the constructs that are proposed as part of the conceptual framework (see Figure 1 ) (Bohrnstedt, 1970) . The items for the instrument were generated from the framework and literature described earlier. First, we generated an initial item pool for the various constructs. Then, items considered too narrow in focus and applicable only to a particular situation were removed. After the item pools were created, they were re-evaluated to eliminate those which appeared redundant or ambiguous (i.e., items which might load on more than one factor)
Card sorting
In order to ensure construct validity, by knowing the extent to which the constructs may be ambiguous, a card sorting procedure was performed following Moore and Benbasat's (1991) development process. The objective of performing the two sorting rounds was to ensure construct validity, the first round being exploratory while the second was confirmatory. To successfully reach these goals, four judges were selected to arrange the respective items into construct categories by ranking how well the items fit into their respective construct definitions. In the first round, the judges were not informed about the labels or names of the underlying constructs, but were instead asked to provide their own labels and definitions for the constructs. In the second round, the judges created a matrix with construct definitions at the top of the columns and items listed as the rows and were instructed to sort the cards into the four predefined categories. Hence, confidence in the construct validity of the scales increased if the judges' definitions matched the scale's intent.
To assess the reliability of the sorting conducted by the judges, we used two different measurements. First, we measured the level of agreement in categorising all 20 items and four categories of items across all four judges at one time, using Cohen's Kappa (Maxwell, 1970) . In the first round, the Kappa scores averaged 0.80. The value for Kappa coefficient of 0.90 was higher than the value obtained in the first round, thereby indicating an excellent fit, based on the guidelines of Landis and Koch (1977) for interpreting the Kappa coefficient.
A second measurement of validity and reliability was an Item Placement Ratio, which measured how many items were placed by the panel of judges for each round within the 'target' construct. This meant that we were able to measure the overall frequency with which the judges placed items within the intended theoretical constructs. Hence, four theoretical constructs comprising of 5 items were developed for each construct. With a panel of four judges, a theoretical total of 20 placements could be made for the four constructs. A matrix of item placements for the first round was created as shown in Table 3 and Table 4 below (including an ACTUAL "N/A: Not Applicable" column, where judges could place items that they felt fit into none of the categories). Overall "Hit Ratio": 75%
By examining the diagonal matrix (Table 3) indicating a theoretical maximum of 80 placements (4 constructs at 20 placements), a total of 60 "hits" was attained, demonstrating an overall placement "hit ratio' of 75%. Furthermore, examining each row provided an indication of how the items created to tap the particular constructs really being classified. For instance, the "Problem Solving Skills" row shows that 16-item placements were within the target construct -however, in the "Feedback" row, only 70% (14/20) were within target. Hence, attention was given to those items that were "off-diagonal" and any items that were vague, poorly worded or tapped a non-intended construct were identified. Based on the placements made by the judges, the items were re-examined and any inappropriately worded or ambiguous items (i.e., fitting in more than one category) were subsequently reworded or rephrased. The revised items were then subjected to a second round with a new set of four judges. Thus, a second round of item placements was considered necessary to help us to further clarify and refine the items and constructs of the survey instrument (see Table 4 ). Examination of the resulting item placement in the second round (Table 4 ) showed a higher agreement among the judges compared to the first round, indicating a significant improvement in item placement. Hence, the reworded items were accurately matched by all four judges in the second round. This led to an overall hit rate of 94%, demonstrating that all constructs obtained a high item placement ratio, thereby indicating a high degree of construct validity (Moore & Benbasat, 1991) .
Instrument testing
The research setting and activity A total of 139 (N=139) undergraduate students enrolled in a first year one semester calculus course offered at the Hong Kong Polytechnic University, constituted a sufficient pool of subjects and were considered an appropriate fit within the intent and objective of this study. The selection of this course was based on the following criteria. Firstly, this course provided a rich opportunity for applying Kahoot!, a game-based digital learning platform into the classroom. Secondly, game-based learning activities in the form of quizzes, discussions and surveys, employing Kahoot! were carefully structured into the design and organisation of the course.
Course structure AMA1110 "Basic Mathematics I -Calculus and Probability and Statistics" is an undergraduate course offered by the Department of Applied Mathematics at the Hong Kong Polytechnic University. This course provides students with a clear understanding of the basic concepts and applications of elementary differential calculus with emphasis on the use of mathematical techniques in tackling practical problems in science and engineering. Emphasis is placed on understanding of fundamental concepts and the use of mathematical techniques in handling practical problems in science and engineering. Upon completion of the course, students are able to apply analytical reasoning to solve problems in science and engineering and demonstrate abilities of logical and analytical thinking. The "Kahoot!" game-based platform is embedded into the course to engage students through problem-solving and critical thinking of mathematical concepts.
Technology
The "Kahoot!" game-based digital learning platform was selected to supplement this study. Using "Kahoot!" provided the instructor with an effective way to create and generate quizzes, discussions and surveys, to engage students in accomplishing tasks in a game play format. To begin with, the instructor created four to six Kahoot! questions per lecture based on mathematical concepts and problems that were reviewed in the lecture. After each topic or section in a lecture was completed, the instructor would ask a Kahoot! question based on the topic or section just covered. When playing Kahoot!, the instructor would first launch a Kahoot! game session, which in turn generated a unique game pin for each session. The students were required to go to Kahoot! (https://kahoot.it/) and enter the game pin to log into the game session on their mobile device (tablets, smartphones, laptops). Once logged in, the objective of the students (individual or team based) is to attempt to answer a multiple choice question correctly, and in the shortest amount of time to score the highest number of points. Firstly, the instructor posted a question, which was displayed on a screen together with several optional answers shown in various colours and corresponding graphical symbols. Secondly, students attempted to answer the question by selecting the correct colour and corresponding symbol associated with the correct answer. In between each question, a distribution was displayed by means of a scoreboard presented on the screen, showing how the students performed by revealing the team's names or individual player's nicknames and ranked scores of the top five players.
Measurement scales
The finalised instrument comprised of two sections (See Appendix). Section I was developed to identify the demographic traits of the respondents. It contained demographic items such as academic year, gender, interaction and students' self-assessment of using Kahoot! The questions in Section II were constructed from an extensive review of literature and a conceptual framework on technology-enabled active learning. Our research model comprised of 20 items (see Table 6 ) that measured "interactive engagement" (5 items), "problem-solving skills" (5 items) "interest" (5 items) and "feedback" (5 items). The response scale for all items was a seven-point, positively packed Likert scale (Lam & Klockars, 1982 ) coded as 7: Strongly Agree; 6: Moderately Agree; 5: Slightly Agree; 4: Neither Agree nor Disagree; 3: Slightly Disagree; 2: Moderately Disagree; 1: Strongly Disagree.
Data collection
A hard-copy version of the Technology-Enabled Active Learning Inventory (TEAL) was distributed to 139 students to complete, with the help of the instructor facilitating the course, wherein the order of items was randomised. The collection of these questionnaires yielded 61 usable data responses, providing a response rate of 43%. A power test was also performed to determine the appropriate sample size necessary to produce a test of the appropriate power. The results demonstrated that a sample size of 61 is adequate to detect, with power equal to 0.80. With a sample size of 61, the study had a power of 0.77 to yield a statistically significant result, close within the 0.80 range, a commonly accepted threshold in these analyses (Cohen, 1977) . The data collected from 61 responses was analysed to present evidence for the validity and reliability of the survey instrument.
Results and analyses
The analysis process followed the intent of the study. To begin with, validity of model use in the context of the study was analysed. Having established validity and robust construct relationships, researchers' data results were subsequently analysed. This was followed by testing of each of the hypotheses by determining the model fit employing various fit indices and assessing the research model.
Descriptive statistics
The descriptive statistics of the four constructs are shown in Table 5 . All means are above the midpoint of 4.00. The standard deviations range from 0.96 to 1.32 indicating a narrow spread around the mean. 
Construct validity
To test the construct validity of the items in the survey instrument, both exploratory factor analysis and confirmatory factor analysis (CFA) was conducted. The reliabilities of factors (for the items loading on each factor) were assessed using Cronbach's (1951) alpha. Exploratory factor analysis using a principal axis factor method was conducted to determine the factor structure. All items demonstrated high loadings which ranged from .627 to .823. Table 6 shows the items, constructs and factor loadings of the Technology-Enabled Active Learning Inventory (TEAL) for the sample of 61 students, using the individual student as the unit of analysis.
The results of confirmatory factor analysis determined that the scales were not only reliable, but also valid for the factors under study. The constructs were analysed using Cronbach's ALPHA (Cronbach, 1951 (Cronbach, , 1970 . All of the measures utilised in this study displayed excellent internal consistency, ranging from 0.83 to 0.88 (see Table 7 ), thereby exceeding the reliability estimates (α = 0.70) recommended by Nunnally (1967) . 
Convergent and discriminant validity
Average Variance Extracted (AVE) of the respective constructs was over the threshold value of 0.50 or higher (J. F. Hair, Anderson, Babin, & Black, 2010) . For this model the AVEs ranged from .625 to .875, therefore all constructs exhibited a high degree of convergent validity. Following Fornell and Larcker (1981) , discriminant validity was demonstrated by verifying that the square root of the average variance extracted (diagonal elements in Table 8 ) is higher than the correlation between constructs (off-diagonal). Discriminant validity, as inferred from the results shown in Table 8 , was not supported because the average variance extracted (AVE) by each construct was considerably less than the shared variance between them (Fornell & Larcker, 1981) . Hence, a one-factor model could be implied, in which the 20 items could be assumed to be indicators of a single latent factor. Table 9 displays a summary of the overall model fit measures. This model was determined to be valid, as indicated by the adequacy indices such as chi-square statistic χ2 (N = 61) = 258, p < 0.01. The chi-square statistic is an intuitive index for measurement of goodness-of-fit between data and model. As recommended by Hair, Anderson, Tatham, and Black (1998) , several other fit indices are examined. According to Gefen, Straub, and Boudreau (2000) and Hair et al. (1998) , goodness of fit index (GFI), comparative fit index (CFI), and normed fit index (NFI) are best if above 0.90 and demonstrate marginal acceptance if above 0.80, adjusted goodness-of-fit index (AGFI) above 0.80 and root mean square residual (RMR) below 0.05. Furthermore, these fit indices indicated that the proposed measurement model revealed a modest fit with the data collected. This study suggests that the model fit was reasonably adequate to assess the results for the structural model. Thus, we could move forward by examining the path coefficients of the structural model. 
Discussion, limitations and future directions
In this study, by laying a theoretical foundation, a conceptual and methodological framework for technologyenabled active learning was developed together with a self-reported instrument, the Technology-Enabled Active Learning Inventory (TEAL), to measure students' perceptions of active learning in a technology-enabled learning context. The instrument was developed and verified using a formalised procedure (Moore & Benbasat, 1991) . To test the construct validity of the items in the instrument, confirmatory factor analysis was performed and reliability of constructs assessed using Cronbach's (1951) alpha. Construct validity focused on how well the variables chosen "captured the essence" of that construct. Our analyses demonstrated that the 20-item TEAL scale had good reliability and validity. Our findings revealed that all four constructs of the TEAL scale demonstrated very good internal consistency with Cronbach's alpha ranging from 0.83 to 0.88. The goodnessof-fit indices for the model were: GFI=0.863, AGFI=0.810, CFI=0.892 which meant that the goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI) and the comparative fit index (CFI) of the proposed measurement model were well in the range of the suggested value of 0.90 (Bentler & Bonnet, 1980) . These fit indices indicate that the proposed measurement model is satisfactory and suggest a good fit to the data. Hence, the results suggest the model provides a parsimonious fit to the data. Overall, the findings indicate that the TEAL instrument could effectively be used to assess students' perceptions of active learning in a technologyenabled learning context in terms of their interactive engagement (ITR), problem solving skills (PRS), interest (INT) and feedback (FEE).
There are several limitations of the present study findings that must be acknowledged to help drive future research. Firstly, future research could consider larger sample sizes. Secondly, the instrument used was selfadministered and therefore, students' perceptions are a self-reported measure and may lack objectivity to a certain extent. Finally, this study does not take a sample size of members from every age group, socio-economic status or different ethnic groups and, therefore, the results cannot be generalised for the entire population. These limitations demonstrate that more behaviour-analytic research in educational settings may be warranted.
Both the development of a conceptual framework for technology-enabled active learning and the construction of the TEAL inventory as a valid and reliable measurement tool, provide important implications for further study in guiding new approaches to teaching and learning with technology. In order to gain a more robust understanding of technology-enabled active learning contexts, directions for future research studies could, for example, include an investigation of the causal relationships between the constructs (interactive engagement, problem solving skills, interest and feedback) on performance or perceived learning outcomes. Moreover, future research studies could be conducted to understand the effects of the psychological construct of control on active learning using the theory of personal causation (deCharms, 1968) and the construct of perceived locus of causality (Rotter, 1966) . For example, in a technology-enabled active learning context, learners are able to navigate, discover and exercise a sense of control. Hence students' locus of control is thought to be an important variable that warrants investigation and could also extend the scope of future studies.
Implications and conclusion
Based on the literature review and conceptual framework, the Technology-Enabled Active Learning (TEAL) inventory was developed. Each of the four scales exhibited comparatively strong factor structure, internal consistency and reliability.
The instrument development research described in this paper offers several contributions. The most notable contribution is the creation of an overall instrument to gather and represent data on students' perceptions of active learning in a technology-enabled learning context. The instrument creation process included reviewing existing literature on active learning developed by other researchers, creating items and then undertaking an extensive scale development process. This was done by developing and verifying an instrument for measuring each of the four scales of the proposed model using a formalised procedure. To test the construct validity of the items in the instrument, confirmatory factor analysis was performed to evaluate the validity of the five factors for use with students. The result is a parsimonious, 20-item instrument, comprising four scales, all with acceptable levels. Finally, another potential contribution of this study is a stronger theoretical basis that could be further used by the growing community of researchers and educators as a means of assessing students' perceptions of active learning in technology-enabled learning contexts.
This study is of notable importance in that design, refinement and validation of the TEAL inventory provides us with a valid and reliable instrument for future research in assessing students' perceptions of active learning in a technology-enabled learning context on a much larger scale. Since active learning is an important educational strategy, a reliable and valid instrument to measure students' perceptions of active learning in a technology-enabled learning context is essential
